Abstract X inactivation studies have been carried out on 22 pairs of female monozygotic twins, one set of female monozygotic triplets, and their mothers and singleton sisters, using the probe M27P.
Manifestation of X linked disease in female heterozygotes is often thought to be the result of non-random X inactivation with or without a chromosomal aberration. Manifestation of disease in one member of a pair of female monozygotic twins has also been found in a variety of X linked disorders. These include Christmas disease,1 fragile X syndrome,23 colour vision deficiency,45 Hunter's disease,6 Fabry's disease,7 Aicardi syndrome,8 and muscular dystrophy. In all of these cases, the twins were discordant for manifestation of the X linked disorder and often the affected twin was more severely handicapped than was usual for a manifesting carrier. In seven cases235610 1-5 there was nonrandom X inactivation in the affected twin. The difference in X inactivation of the X chromosomes such that the mutant homologue remained preferentially active provided an explanation for the discordance of disease manifestation found in the twins.
The discordance in manifestation of X linked disease that is sometimes seen in female monozygotic twins led Burn et allo to suggest that there may be a relationship between anomalies of X inactivation and the twinning process. They proposed chat if X inactivation preceded twinning, the two types of cell population produced could become separated, so that an inactivated maternally derived X chromosome predominated on one side of the zygote and an inactivated paternally derived X on the other side. Separation of the two cell populations by twinning could then lead to one twin being asymptomatic and the other being affected. Alternatively the two cell populations could possibly repel each other and actually predispose to monozygotic twinning. Nance16 suggested that asymmetrical splitting of the inner cell mass could lead to discordant expression owing to the sampling process associated with the mechanism. Any pre-existing inequalities within the embryo would be exaggerated by the division, leading to the development of discordant twins, whereby the affected twin has skewed X inactivation with the mutant gene being preferentially active and her co-twin having either random X inactivation or skewed X inactivation in favour of the non-mutant gene remaining preferentially active.
Obviously X inactivation cannot explain the occurrence of male monozygotic twins and so presumably the same mechanism that causes male twins could also produce female twins. X inactivation could represent an additional mechanism restricted only to females.
If X inactivation is an additional factor in female monozygotic twinning, then an excess of female monozygotic twins over male monozygotic twins would be expected. Burn The triplets proved to be all monozygotic. Two of the triplet sisters and their mother showed random X inactivation, while the third showed moderately skewed X inactivation, and their non-triplet sister was homozygous with M27,. The maternally inherited allele was preferentially active in the triplet, who showed moderate skewing.
When the families were examined individually, there was no evidence to suggest that there may be a relationship showing preferential skewing towards the same chromosome remaining active in the mothers, the singleton sisters, or the twin pairs. Of the two twin pairs with concordant extreme skewing, in both pairs the paternally inherited homologue was preferentially active, whereas in the four singleton sisters who showed skewing, the maternal X chromosome was preferentially active three times and the paternal X once. We also looked to see if one particular X chromosome had a tendency to remain active when passed from one generation to the next. On 12 occasions the maternal X chromosomes were found to be non-randomly inactivated (65:35 or greater). The twin pair had inherited this preferentially active maternal homologue 6/12 times, inheriting the non-active homologue an equal number of times. The preferentially active homologue showed no tendency to remain active as it suffered random inactivation on seven occasions and became the preferentially inactive homologue four times when inherited by the twin pair. The singleton sister inherited the preferentially active maternal homologue 4/12 times and it remained so once, becoming randomly inactivated on two occasions and preferentially inactive once.
Discussion
The results indicate that there is not a significantly higher frequency of skewed patterns of X inactivation in monozygotic twins compared to non-twin females. The non-twin females in this study were the mothers and singleton sisters of the twin pairs. The data reported for a series of 42 normal females20 were also used for comparison. In addition, the data in this study do not show any familial tendency towards skewed patterns of X inactivation.
The results in this study do not lend support to the hypothesis that skewed X inactivation predisposes to the twinning process, as only 1/ 22 twin pairs showed any skewing in opposite directions while 6/22 showed concordant skewing. Similar findings were reported by Goodship et aP12 and by Richards et al. 22 Richards et aP2 studied the X inactivation profiles of 20 normal female monozygotic twin pairs; 18/20 (90%) of them showed concordancy for X inactivation patterns, while only 2/20 (10%) showed opposite skewed X inactivation patterns. They suggested that the concordancy could be the result of prenatal vascular anastomoses which may obscure any marked discordance in the X inactivation profiles of myeloid cells.
Concordant skewing has not been reported as often in female carrier twins as discordant skewing. Costa et al8 studied a pair of twins who were discordant for Aicardi's syndrome, both of whom had random X inactivation in their lymphocytes and Goodship et af2' found concordant skewing in a pair of monozygotic female twins who were discordant for Duchenne muscular dystrophy. Jorgenson et aF could not find any skewing of X inactivation in lymphocytes from twins discordant for colour vision deficiency, but did find skewing in the fibroblasts of the colour vision defective twin. They suggested that failure to find this skewed pattern in lymphocytes could be explained by the sharing of fetal circulation and exchange of haematopoietic precursor cells owing to prenatal vascular anastomoses.
The 
